The title compound, C 29 H 24 N 2 OS, contains a phenothiazine moiety linked to a planar carbazole unit (r.m.s. deviation = 0.029 Å ) by a C-C single bond. The phenothiazine moiety possesses a typical non-planar butterfly structure with a fold angle of 27.36 (9) between the two benzene rings. The dihedral angle between the mean planes of the carbazole and phenothiazine units is 27.28 (5) . In the crystal, molecules stack in pairs along the c-axis direction, linked by offset -interactions [intercentroid distance = 3.797 (1) Å ]. There are C-HÁ Á Á interactions present linking these dimers to form a three-dimensional structure.
Chemical context
Phenothiazine, related to the thiazine class of heterocyclic compounds, is very important as it occurs in various antipsychotic drugs. Phenothiazine derivatives have been used in dye-sensitized solar cells to study the effect of conjugated linkers on device performance (Kim et al., 2011; Hagfeldt et al., 2010) . One phenothiazine derivative (MCDP) is used to measure the activity of monoamine oxidase in blood (Fujii et al., 1993) . They are also used as neuroleptics, sedatives, analgesics, anti-emetics and antihistamines (Harris & Klein, 1987) . Triflupromazine phenothiazine hydrochloride is one of the most potent tranquilizer drug molecules (Phelps & Cordes, 1974) . The phenothiazine derivative thiethylperazine has the properties of an anti-emetic and is widely used for the control of post-operative vomiting, in radiation therapy and vomiting associated with malignant disease (McDowell, 1970 (McDowell, , 1978 . N-Alkylamino carbazoles show significant anti-convulsant and diuretic activity (Shoeb et al., 1973) . One of them, rimcazole, is a well known anti-pyretic and neuroleptic agent (Ferris et al., 1986) . In view of this interest, we have synthesized the title phenothiazine derivative and report herein on its crystal structure.
Structural commentary
In the title compound, the phenothiazine moiety has a nonplanar butterfly structure ( Fig. 1 ), similar to that observed for 10-methyl-10H-phenothiazine (Malikireddy et al., 2016) . The central six-membered ring (N2/C18/C19/S1/C28/C23) adopts a boat conformation [puckering parameters are: Q T = 0.4567 (16) Å , = 102.8 (2) , ' = 182.8 (2) ]. The fold angle of 27.36 (9) between the two benzene rings of this moiety compares well with the values reported for similar compounds (CSD; Groom et al., 2016) . The dihedral angle between the planes of the two benzene rings of the carbazole ring is 2. 94 (10) and the dihedral angle between the mean planes of the carbazole and phenothiazine ring systems is 27.28 (5) . The aldehyde group is almost coplanar with the benzene ring to which it is attached, the C27-C26-C29-O1 torsion angle being 0.9 (4)
. The ethyl groups protrude out of the planes of the carbazole and phenothiazine skeletons, as indicated by the torsion angles C6-N1-C7-C8 = 87.7 (3) and C23-N2-C21-C22 = À83.2 (2) .
Supramolecular features
In the crystal, inversion-related molecules stack in pairs along the c-axis direction, linked by offset -interactions [Cg5Á Á ÁCg5 i = 3.7965 (11) Å , interplanar distance = 3.5133 (8) Å , slippage = 1.439 Å , Cg5 is the centroid of the C15-C20 ring; symmetry code: (i) Àx + 1, Ày, Àz + 2]. There are also C-HÁ Á Á interactions present linking these dimers to form a three-dimensional structure (Table 1 and Fig. 2 ). Figure 2 The crystal packing of the title compound, viewed along the a axis. The C15-C20 rings linked by -interactions are shown in red. For clarity, only the H atoms (grey balls) involved in the C-HÁ Á Á interactions (dashed lines; see Table 1 ) have been included.
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Figure 1
The molecular structure of the title compound, with the atom labelling and displacement ellipsoids drawn at the 50% probability level. Table 1 Hydrogen-bond geometry (Å , ).
Cg3 and Cg4 are the centroids of the C1-C6 and C9-C14 rings, respectively. phenothiazine unit, and 2293 hits for compounds containing a carbazole unit. Out of these entries, six compounds were found to possess both phenothiazine and carbazole ring systems, and one compound contains all three units, phenothiazine, carbazole and a carbaldehyde unit, but with the carbazole unit linked directly to the N atom of the phenothiazine unit, viz. 10-(9-hexyl-9H-carbazol-3yl)-10H-phenothiazine-3-carbaldehyde (IWABUF; Karuppasamy et al., 2017) .
Synthesis and crystallization
To a mixture of 7-bromo-10-ethyl-10H-phenothiazine-3-carbaldehyde (3 g, 0.0089 mol), 9-ethyl-9H-carbazole-3-boronic acid pinnacol ester (3.17 g, 1.1 eq.), Pd(PPh 3 ) 4 (518 mg, 5% mol) and K 2 CO 3 (2.48 g, 2 eq.) under high vacuum was added a mixture of toluene:water (2:1). The resulting mixture was heated to reflux under an N 2 atmosphere for ca 24 h. On completion of the reaction (monitored by TLC), it was quenched by addition of saturated doubledistilled H 2 O and extracted with dichloromethane. The organic phases were collected and washed with brine and dried over anhydrous Na 2 SO 4 and then concentrated. The product was purified by column chromatography on silica gel using ethyl acetate:n-hexane (12:88, v/v) as eluent, to give the title compound as a pale-yellow crystalline solid (yield 80%). It was characterized by 1 H NMR, 13 C NMR, IR and ESI-MASS. Brown block-like crystals of the title compound were obtained by slow evaporation at room temperature of a solution in dichloromethane and acetonitrile (1:1 v/v).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms were placed in calculated positions and refined using a riding-model approximation: C-H = 0.93-0.98 Å with U iso (H) = 1.5U eq (Cmethyl) and 1.2U eq (C) for other H atoms. Computer programs: APEX2 and SAINT (Bruker, 2004) , SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , PLATON (Spek, 2009) , Mercury (Macrae et al., 2008) and publCIF (Westrip, 2010) . Data collection: APEX2 (Bruker, 2004 ); cell refinement: SAINT (Bruker, 2004) ; data reduction: SAINT (Bruker, 2004 );
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: PLATON (Spek, 2009) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
10-Ethyl-7-(9-ethyl-9H-carbazol-3-yl)-10H-phenothiazine-3-carbaldehyde
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
